Background-The ICH score is a validated tool for predicting 30-day morbidity and mortality in patients with intracerebral hemorrhage.
Introduction
The intracerebral hemorrhage (ICH) score was developed as a predictive tool for mortality at thirty days after hemorrhagic stroke [1] . The ICH score is a 6-point calculation based on five clinical indicators: age > 80 years, Glasgow coma scale (GCS), volume of hematoma on baseline CT scan, location (infratentorial or supratentorial), and the presence of intraventricular extension. The ICH score has also been validated for 30-day and one-year functional outcome in additional studies [2, 3] . In these studies the GCS was measured at the time of admission to the intensive care unit (ICU) or to the operating room regardless of the time of onset of symptoms.
Almost 40% of patients with brain imaging obtained in the first 3 hours after onset of symptoms of ICH experience hematoma expansion and this is highly associated with neurological deterioration [4] . Recent studies show a strong association between contrast extravasation on computed tomography angiography (CTA) and hematoma expansion and worse outcome [5] .
Aims and/or Hypothesis
We hypothesize that, due to the dynamic nature of early ICH, with high risk of hematoma expansion, new IVH, and decreasing level of consciousness, a delayed measure of the ICH score would be more useful in predicting outcomes. In our center, the ICH score is calculated once all five clinical indicators are available, which is typical at the time when the baseline CT is performed, rather than when the patient went to the OR or neurological intensive care unit (ICU). We sought to determine the reliability of the ICH score calculated in the first hour of arrival compared to the reliability of the ICH score calculated 24 hours later.
Methods
A retrospective chart review of all patients admitted with ICH from July 2008 to December 2010 was performed. Patients included in this study were spontaneous, nontraumatic ICH with no structural underlying defect. Patients without the variables needed to calculate the admission and 24-hour ICH scores were excluded. ICH volume was calculated using the previously published ABC/2 method [6] [7] [8] . Initial ICH scores were calculated based on admission head CT and GCS on presentation to the hospital. Repeat ICH scores were calculated using follow-up imaging and GCS within 24 ± 1 hours of admission [1] . We compared outcomes using admission ICH score versus 24-hour ICH score. Our primary outcome of interest was poor functional outcome (mRS 5-6) at the time of hospital discharge. Our secondary outcome of interest was all-cause in-hospital mortality. Crude and adjusted logistic regression models were used to assess poor functional outcome and mortality using admission ICH score and 24-hour ICH score as predictors. The adjusted logistic regression models accounted for covariates previously shown to be confounders (age, NIHSS on admission, and glucose).
Results
Of the 119 patients who were eligible, 89 met inclusion criteria. Fourteen patients had mild stroke or had subacute presentations (median baseline ICH score 0) and were either not monitored in the neurological ICU or with routine follow-up CT. Fifteen patients had catastrophic stroke and either died prior to 24 hours or did not have follow-up CT (median baseline ICH score 3) within the specified timeframe. One patient was in the OR for evacuation and did not have GCS available during the specified timeframe. Table 1 provides a synopsis of the baseline demographics of the patients included in this study.
While the initial ICH score ranged from 0 to 3 (median 1), the 24-hour ICH score ranged from 0 to 5 (median 1). On admission, 21 (23.5%) patients had an ICH score of 0,33 (37%) patients had an ICH score of 1,19 (21.3%) patients had an ICH score of 2, and 16 (18%) patients had an ICH score of 3. No patients included in this study had an admission ICH score of 4, 5, or 6.
The distribution of ICH scores and frequencies of worsened, improved, or unchanged ICH score at 24 hours are presented in Table 2 . Thirty-six percent of patients with ICH score of 1 on admission worsened on the 24-hour score while 38% of patients with ICH score of 3 on admission improved on the 24-hour score. The ICH score changed in the first 24 hours for 38% of patients with spontaneous ICH (Figure 1 ). In the crude model, the odds ratio for poor functional outcome (OR = 5.975, 95% CI, and P < 0.0001) and death (OR = 3.562, 95% CI, and P < 0.0001) based on the 24-hour ICH score were greater than the admission ICH score odds ratios for both poor functional outcome (OR = 3.369, 95% CI, and P < 0.001) and death (OR = 2.933, 95% CI, and P = 0.001). After adjusting for age, baseline NIHSS, and admission glucose, baseline ICH score was not an independent predictor of poor functional outcome (OR = 1.904, 95% CI 0.937-3.869, and P = 0.075) or death (OR = 1.580, 95% CI 0.684-3.649, and P = 0.284). In the adjusted model, 24-hour ICH score was an independent predictor of poor functional outcome (OR = 4.672, 95% CI 1.996-10.939, and P < 0.0001) and death (OR = 2.712, 95% CI 1.187-6.195, and P = 0.018) ( Table 3) . It was a worsening in the GCS that resulted in worsening in ICH score at 24 hours in most cases (n = 14), followed by volume category increase (n = 5) and development of IVH (n = 3). Similarly, among patients with improved ICH score at 24 hours, the GCS improved in the majority of cases (n = 8) and volume reduced after evacuation in the others (n = 4).
Discussion
Our study found that 24-hour ICH score was better predictor of short-term functional outcome and mortality than initial ICH score. More than one-third of patients had a shif in the ICH score at 24 hours with similar proportions of patients with low scores worsening and high scores improving, mostly related to changes in GCS category. Although the ICH score was shown to be predictive of outcome, the exact time the ICH scores were calculated from the time of symptom onset is not known. Given that components of the ICH score are dynamic soon after ICH onset, particularly with hematoma expansion or interventions and procedures actively changing ICH volume, GCS, and IVH, the utility of using a predictive scoring system at 24-hours instead of on admission to predict outcomes increases the predictive value of the scoring system. The 24 hour ICH score is more precise. During this hyperacute phase, the ICH score on admission may underestimate the severity of the stroke since an ICH score can change rapidly due to decline in GCS or hematoma expansion. Likewise, early interventional therapies may improve the score with hematoma evacuation, hemicraniectomy, and appropriate management of intracranial pressure or intraventricular tissue plasminogen activator. Our data supports that early prognostication of outcomes should be avoided when possible, and using an ICH score calculated at a later time during the ICH admission is a better indicator of patient outcomes, after the hematoma has been stabilized and definitive therapies have been provided.
These findings further support how crucial the treatment of a patient within the first few hours after development of ICH is, particularly for interventions focused on prevention of hematoma expansion by blood pressure control, consideration of hemostatic agents and evacuation of hematoma or hemicraniectomy when appropriate, and prevention of complications such as aspiration. The ICH score is not a predictor of the outcome of an individual patient but a population-based guide that can aid in predicting the potential outcomes for ICH patients. These results provide continued evidence that treating physicians should remain vigilant with patient care for the ICH patient and provide aggressive measures until the course is declared.
Our study was limited by small sample size and our ability to adjust for other factors, such as blood pressure control and interventional procedures, both of which could affect the outcome. Evaluation of patients with more severe hemorrhages (ICH scores of 4, 5, and 6) was not possible due to unavailable data including follow-up ICH volume and/or GCS, raising the question of a self-fulfilling prophecy with early withdrawal of aggressive measures. This is, however, a study of early evolution of ICH score among patients with a reasonable chance of survival. It is possible that some patients with baseline ICH scores of 4 or 5 could be converted to lesser ICH scores, but we were unable to assess this in our population due to the information not being available. Further investigation in a larger sample is needed to validate our findings. A prospective study of the impact of time from symptom onset to calculation of the ICH score may be warranted to determine when, after ICH, the ICH score becomes reliable. Table 2 Baseline ICH score stratified by 24-hour ICH score status. Table 3 Logistic regression models. 
